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The discovery of iron based superconductor in 2006 was another milestone in superconductor history because of the possible coexistence of spin ordering and superconductivity. Despite intensive studies, nanoscale or atomic-scale measurement will be the key to understanding the microscopic pairing mechanism in such materials. Because of the layered nature of those exotic superconducting materials, scanning tunneling microscopy (STM) can be easily adopted.
STM is a powerful tool for investigating local electronic structure and superconducting properties at atomic scale on surfaces. In this article, we will introduce our recent effort on epitaxial growth of such materials and our recent STM study to unveil the secrets of superconductivity. STM is a powerful tool for investigating local electronic structure and superconducting properties at atomic scale on surfaces. In this article, we will introduce our recent effort on epitaxial growth of such materials and our recent STM study to unveil the secrets of superconductivity.
고온 초전도체가 발견된

Introduction
Ever since the first discovery of superconductivity, Bardeen-Cooper-Schrieffer (BCS) theory successfully ex- In the history of superconductivity, there has been two breakthrough discoveries beyond the BCS theory: cuprate high Tc superconductors and iron-based superconductors. In cuprate superconductors, the electron-phonon interactions were measured to be similar or smaller but their Tc's are much higher than BSC-type superconductors. It has peculiar properties such as anisotropic superconducting gap, doping dependent quantum phase transition, existence of charge or spin density wave order, isotope and strain effect etc. More recently, iron-based superconductor has been discovered and has attracted much attention due to the coexistence of the superconductivity and the magnetism. It was commonly accepted that the magnetism and superconductivity are competing properties. For example, in bulk FeSe, which has the simplest structure among iron-based superconductor families, the electron pockets are located around M points and the hole 
Research activities in our group
To explore the bosonic modes in superconductors on the surface, we carefully examined the spectroscopic strength A clean Cu(100) surface was prepared as shown in Fig.   2 (a) and STM-IETS spectra were taken as a reference to observe the change in phonon mode peaks after oxygen exposure. After measuring clean Cu(100), oxygen was exposed to grow the ordered oxygen-adsorbed layer. STM topographic image of the oxygen-adsorbed Cu(100) surface, as shown in Fig. 2(b) , revealed two different surface re-
regions. On the clean Cu(100) surface, peaks at 3.7, 19.0, and 27.9 meV were resolved as shown in Fig. 2(c) . On oxygen-adsorbed Cu(100) surface, peak at 3.7 meV was measured, which is originated from the out-of-plane polarized surface phonon mode near Γ point. Furthermore, peak at 13.5 meV on the (2√2 × √2)R45°-O surface, which was previously resolved by electron energy loss spectroscopy measurement, was measured for the first time using STM-IETS. The resolution of this peak can be explained by the symmetry of the phonon mode, which is parallel to the direction of the Cu missing rows in real space. Instead, peak at 19.0 meV, which was resolved on the clean Cu(100) surface, was suppressed on the (2√2 × √2)R45°-O surface, because this mode is perpendicular to the direction of Cu missing rows in real space.
In our group, we are fully equipped with in-situ film growth technique. Many high transition-temperature superconductors have been studied using bulk-grown samples, however, the introduction of pulsed laser deposition (PLD)
to grow superconducting films has enabled layer-by-layer control on various high-Tc superconducting thin films. We successfully grew a quaternary material, Ba(Fe 1-x Co x ) 2 As 2 (  0.08) (BFCA), using PLD under ultrahigh vacuum (UHV) environment and we investigated the differences in the surface structures and the physical properties in-situ by using STM measurements. The films are known to have similar crystal structures on surface, but unlike the cleaved bulk sample, well-ordered (2√2 × 2√2)R45º reconstructed structure was measured as shown in Fig. 3(a) and (b). Moreover, tunneling spectrum on cleaved BFCA surfaces have been reported to have the V-shape of the d-wave type superconducting gap with unclear coherence peaks. A recent angle resolved photon emission spectroscopy (ARPES) measurement and density functional theory (DFT) study have suggested that an exposed Ba layer screens the superconducting property of the As-Fe-As layer.
We also observed the screening effect by the Ba surface as shown in Fig. 3 (d) measured at "A" in Fig. 3(c) . Occasion- ally, we can find areas such as "B" in Fig. 3(c) , where the surface Ba atoms are removed, the tunneling spectrum shows a more pronounced superconducting gap feature with ∆ ≈ 6 meV and clearer coherence peaks as shown in Fig. 3(d) .
As previously mentioned, exposed superconducting layer is an essential to understand the pairing mechanism using scanning probe microscopy. We grew 1 ML FeSe film on a clean STO (100) 
Perspective
Our group in QNS explores the properties of quantum materials at atomic scale, especially superconducting materials. We study bosonic modes that involved in superconductor pairing in superconductor with high resolution.
Using spin-polarized STM tip, we are investigating the relationship between magnetic properties and superconductivity in atomic scale. Our efforts will not only understand the pairing mechanism of superconductors that have not been understood for a long time, but also contribute to fundamental physics.
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